The signal for somatic sex determination in mammals, Caenorhabditis elegans and Drosophila melanogaster is chromosomal, but the overall mechanisms do not appear to be conserved between the phyla. However it has been found quite recently that the C. elegans sexdetermining gene Mab-3 contains a domain highly homologous to the Drosophila sex-determining gene doublesex (dsx) and shares a similar role. These data suggest that at least some aspects of the regulation of sex determination might be conserved. In humans, a doublesex-related gene (DMRT1) was identi®ed at less than 30 kb from the critical region for sex reversal on chromosome 9p24 (TD9). In order to get insights into the role of DMRT1 in sex determination/differentiation, we have isolated DMRT1 mouse homologue (Dmrt1) and analysed its expression pattern. The gene is expressed in the genital ridges of both sexes during the sex-determining switch and it shows male/female dimorphism at late stages of sex differentiation. q
Results
In humans, there have been several reports of male to female sex reversal in patients carrying deletions of chromosome 9p24. This led to the hypothesis that the minimum region deleted in all these patients contains a gene involved in testis differentiation/maintenance (TD9) (Hoo et al., 1989; Bennett et al., 1993; Ogata et al., 1997; Flejter et al., 1998; Guioli et al., 1998; Veitia et al., 1998) . Two human genes containing a domain highly homologous to the DNA binding domain of the Drosophila melanogaster sexual regulator doublesex (Burtis and Baker, 1989 ) and the Caenorhabditis elegans sexual regulator mab-3 (Raymond et al., 1998) were localised to 9p24.3 (DMRT1 and DMRT2) (Raymond et al., 1999) . The two genes map outside the smallest critical region for sex reversal; however, DMRT1 maps at less than 30 kb from it and remains a TD9 candidate gene (Calvari et al., 1999) .To investigate the role of DMRT1 in sex determination we have isolated the mouse homologue (Dmrt1) from an adult testis cDNA library using the human cDNA as a probe. The identi®ed clone contains the 5 H UTR region of the gene and an open reading frame which is truncated at the 3 H end. The human and mouse predicted proteins are 98.4% identical in the DNA binding domain and 83% identical over the complete amino acid sequence (Fig. 1) . The last ten amino acids of the mouse putative protein were derived from the sequence of a genomic Dmrt1 clone.
Northern blotting analysis was performed on RNA from a panel of adult tissues (Fig. 2) . Similar to the human DMRT1 transcript (Calvari et al., 1999 ), Dmrt1 appears only in adult testis, as a single 2.4 kb species. This pattern was obtained using probes from the 5 H region and the 3 H region of the cDNA.
No expression was found in other mouse adult tissues (including liver, kidney, ovary, spleen) using the more sensitive reverse transcription±polymerase chain reaction (RT±PCR) assay (data not shown). These data indicate that, at least in the adult tissues, Dmrt1 has a very speci®c expression pattern.
To determine whether Dmrt1 might have a role in sex determination/differentiation, wholemount RNA in situ hybridisation studies were performed with the mouse embryo genital ridges at the time of gonadal differentiation (Fig. 3) . The urogenital system arises from the intermediate mesoderm at 9 days post coitum (d.p.c.) in the mouse. It appears as a ridge of cells lying on the coelomic surface, either sides of the neural tube. The mid section, the mesonephros, gives rise to the gonads. The gonads begin to condense as a distinct tissue from about 10.5 d.p.c., but remain morphologically identical between male and female until about 11.5 d.p.c.
At 10.5 and 11.5 d.p.c. Dmrt1 is expressed in the genital ridges of both male and female and the signal appears to be identical in both sexes. At 12.5 d.p.c., when the ®rst morphological signs of sexual dimorphism become apparent, Dmrt1 is still on in both sexes. In the male it seems to mark the newly forming testis cords, while in the female it has a punctuate pattern throughout the ovary. These patterns are more evident at 13.5 d.p.c. In the male all the cords are strongly stained, in the female the spotted pattern appears to be uniform along the antero-posterior axis. By 14.5 d.p.c. the expression becomes clearly sexually dimorphic. In the male is still strong in the cords, while in the female it drops to a level hardly detectable. No expression was detected by wholemount in any other component of the urogenital ridge at any of the analysed stages. RNA in situ studies on sections from embryo and adult gonads were also performed (Fig. 4) . In the 13.5 d.p.c. male gonad the signal is in all the cells within the cords, which are Sertoli and germ cells. It is thought that, once Sertoli cells differentiate from the supporting cell lineage, triggered by the action of Sry, they play a central role in the differentiation of the rest of the testis (Swain and Lovell-Badge, 1999 ). In the 13.5 d.p.c. ovary the positive cells remain unidenti®ed (data not shown). Dmrt1 is still on in the 16.5 d.p.c. male gonad and it is on also in the adult testis (Fig. 4) while it is off in the adult ovary (data not shown).
Material and methods

Cloning mouse Dmrt1
Mouse Dmrt1 cDNA was isolated by screening a mouse adult testis cDNA library (Clontech cat. no. HL3024b) cloned into Lambda GT10 with a DNA probe generated from the human DMRT1 cDNA (IMAGE clone 730332). One positive (Mt9) was identi®ed and subcloned into the EcoRI site of the plasmid pBluescript II SK 2 (Stratagene).
Sequence information was submitted to GenBank (accession no. AL133300).
Expression studies 2.2.1. Northern blotting
The Northern blot of poly (A) 1 RNA from different mouse tissues was from Clontech (cat. no. 7762-1).
In situ hybridisation
The genital ridges for the whole mounts were dissected from MF1 male and female mouse embryos at 11/11.5, 12/ 12.5, 13/13.5, 14/14.5 d.p.c. and sexed by PCR using primers speci®c for mouse Sry.
The wholemount in situ hybridization protocols were a modi®cation of the method of Wilkinson, 1992 .
The RNA probe was generated from the Mt9 cDNA linearised with BssHII and labelled with digoxigenin-UTP, using T3 RNA polymerase according to the manufacturer's instructions (Boehringer). The same protocol was used for the in situ hybridization on sections from 13.5 d.p.c. male gonad.
The antisense probe for the radioactive in situ hybridisation on sections from 16.5 d.p.c. gonad and adult testis was generated from the same cDNA and labelled with [ 35 S]UTP. A sense probe was also generated using T7 RNA polymerase and probed onto the testis sections. Hybridization protocols for the radioactive in situ are as described in Rugarli et al. (1993) . 
